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Methods to quantify Load Reduction Targets (LRT) for nutrients in surface water bodies
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Batool et al., 2022

➢ High N and P loads hamper good ecological condition in many surface water bodies

➢ The impact can be partly reduced by retention measures, but significant reduction is often difficult, 
so load reduction is required



The principle of Load Reduction Targets

LRT in the catchment of a Surface Water Body (SWB)

• GAP = % exceedance WFD-target concentration

• LRT = GAP * total loads

• Assumption: ∆ load in SWB (%) = ∆ concentration SWB near outlet (%) (no change Q)
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The principle of Load Reduction Targets
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4) resulting concentrations and 
outlet to downstream water bodies

1) Water with nutrients 
from upstream

2) Point and Diffuse pollution 

nutrient sources in the catchment

Measured:     4,0 mgN/l
WFD target:   3,0 mgN/l 
➢ GAP = 1,0 mgN/l, or 25%
➢ LRT: 25%

WWTP

runoff & 
leaching 
nature 
soils

horticulture

diffuse 
urban 

industry
3) Retention of N and P  in the streams 
and lakes (denitrification, uptake,  
adsorption to sediment)

runoff & 
Leaching 

agriculture
soils



Definition:

Load Reduction Target (LRT) = reduction of the total load needed to 
meet the WFD-target concentrations in the surface water body

Important assumptions when applied:

→ GAP: WFD monitoring point near outlet (downstream)

→ Loads: based on measurements or model outcome σ𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑠 ∗ 𝑐𝑜𝑛𝑐 = σ𝑡=0
𝑡=1 𝑦𝑒𝑎𝑟

𝑄𝑡 ∗ 𝐶𝑡

→ Averaged measured concentrations are often not flow-weighted concentrations

→ Do policy makers want to divide the LRT over the polluting sectors? 

LRT kg N =
average observed − WFD target concentration

average observed concentration

[mg/l]

[mg/l]
x ෍

𝑠𝑜𝑢𝑟𝑐𝑒1

𝑠𝑜𝑢𝑟𝑐𝑒 𝑛

𝐿𝑜𝑎𝑑𝑠𝑜𝑢𝑟𝑐𝑒 ∗ 𝑆𝑊𝑅𝑠𝑜𝑢𝑟𝑐𝑒 kg N

The principle of load reduction targets
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LRT : GAP * load

GAP : based on de observed concentrations at the WFD monitoring site.

Loads : modelled point and diffuse sources within the catchment plus the loads that are

modelled as outlet from the upstream SWB.

The Dutch method to quantify LRT:

LRT kgN =
measured − WFD target concentration

measured concentration

[mg/l]

[mg/l]
x total load [kgN]
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Policy makers water quality: Divide LRT over the sectors, in proportion of their contribution to the 

total anthropogenic load (‘polluter pay principle’)

The Dutch method to allocate LRT to sectors:

concentration

G
A
P
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Illustrative example 1

2 WFD Surface Water Bodies (SWB upstream, downstream)

2 sources: agriculture and a large wastewater treatment plant (WWTP)

Nutrient loads and WFD-Load Reduction Targets (LRT) reference

5.0 mgN/L

100 ton

3.3 mgN/L

2.5 160 ton

LRT 50% = 50 ton 2.5
● Agriculture 25 ton

● Waterboard (wwtp) 25 ton LRT 25% = 40 ton

● Agriculture 27.5 ton

● Waterboard (wwtp) 12.5 ton

0

50 0 50

60 0

WWTP

Catchment 1

WFD-target      mgN/L

Agriculture

Agriculture

Catchment 2

WFD-target       mgN/L

Nature

Nature WWTP

Catchment 1: LRT agriculture = 50/100 * 50 ton = 25 ton

Catchment 2: LRT agriculture = (50+60)/160 * 40 ton = 27,5 ton
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This table is used to 

allocate total LRT over 

sectors, following the 

‘polluter pay principle’.

Not all loads are 

assumed to be 

anthropogenic!

This way to allocate LRT 

requires a very detailed 

source apportionment 

analyses !!
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Illustrative example 2

Same as example 1, but now 3 sources: half of the runoff originate from nature soils

Catchment 1: total anthropogenic load = 25 + 50 ton

LRT agriculture = 25/75 * 40 ton = 16,7 ton

Nutrient loads and WFD-Load Reduction Targets (LRT) reference

5.0 mgN/L

100 ton

3.3 mgN/L

2.5 160 ton

LRT 50% = 50 ton 2.5
● Agriculture 17 ton

● Waterboard (wwtp) 33 ton LRT 25% = 40 ton

● Agriculture 21 ton

● Waterboard (wwtp) 19 ton

0

25 25 50

30 30

WWTP

Catchment 1

WFD-target      mgN/L

Agriculture

Agriculture

Catchment 2

WFD-target       mgN/L

Nature

Nature WWTP



11

Water and Nutrient 
balance

Origin analysis and 
reduction assignment 

Effects of different 
management scenarios

Leaching & runoff 

Agriculture
• greenhouses
• Paved farmyard
• Direct inputs 

Nature 
soils deposition

Other point & diffuse sources
• Effluent WWTP
• Overflows sewer systems
• Ships, traffic, waterbird, a.o

Surface water body

Deposition

Fertilization

seepage

mineralization

Water intake and 

from upstream retention

Agriculture soils

Monitoring sites 
for validation

outlet

Other point & diffuse sources

Dutch source apportionment method: WFD-ECHO
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B. Quantify sources N & P

❑ Leaching & runoff agriculture & nature soils 

❑ Known (registered) point sources: WWTP 

❑ Other point and diffuse sources: Emission Inventory database

❑ Loads derived from measurements (model boundaries)

C. Water en nutrient balances per catchment

❑ Calculation retention

❑ Exchange of water and nutrients upstream → downstream

❑ Labeling sources for each catchment (including water from upstream)

A. Delineation and routing surface water bodies (swb)

❑ Boundaries catchments

❑ Water intake, interactions upstream → downstream

❑ Inventory measurements discharges and concentration swb

Validation

❑ discharges

❑ loads

Steps WFD-ECHO
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KRW-ECHO: Oppervlaktewatermodellering, gericht

op nutriëntenbalansen catchments 

Statistical analysis using Monte Carlo techniques, to distinguish the factors that determine 

leaching and runoff from agricultural soils: Leaching and runoff caused by: 

• Fertilizer use (chemical and manure)

• Atmospheric deposition

• Mineralization and seepage

Registered data

Leaching and runoff: SWAP-ANIMO
A

N
IM

O
-m

o
d

el
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▪ 140 WFD Surface Water Bodies

▪ ≈ 50% exceeds WFD-target of N and/or P

▪ Main nutrient sources:

o Agriculture

o WWTP

o Rivers and streams Belgium en Germany

▪ 4 water boards, 2 provinces

WFD-ECHO Dutch river basins Meuse

reference period LRT : 2014-2017, Summerhalfyear (Apr-Sept)

Baseline scenario      : Remaining LRT 2027, assuming:

• Actual agricultural and fertilizer policy

• Measures for WWTP’s (3rd RBMP)

• Transboundary rivers-streams-canals Belgium and Germany will meet the Dutch WFD-targets

• Estimated load reduction 2027 other registered point and diffuse sources (little changes)



Exceedance WFD-target  
N (mgN/l)

Exceedance WFD-target 
P (mgP/l)

Some results: nutrients reference period 2014-2017
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Aa en Maas Brabantse
Delta

Dommel Limburg

Nitrogen sources summer halfyear 2014-2017

Belgiun & German rivers

other diffuse sources

WWTP's

Nature soils

other agricultural sources

Runoff & leaching agriculture by
other factors
Runoff & leaching agriculture by
fertilzer use0%

20%

40%

60%

80%

100%

Aa en Maas Brabantse
Delta

Dommel Limburg

P-sources summer halfyear 2014-2017

modelled contribution sources 2014-2017
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Maas

Dommel

Brabantse
Delta

Limburg
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Aa en Maas

Brabantse Delta

Dommel

Limburg

modelled contribution sources 2014-2017

0%
100%

6 8 25 30 37 41 42 46 47 49 53 56 59 60 65 66 68 76 83 84 86 87 91 99 100 103 106 109 110 111 115 116 121 122 127 128 129 134 136 140

Relatieve bijdrage bronnen aan de Stikstofbelasting zomerhalfjaar 2014-2017

leaching & runoff agri soils driven by fertlizer use (semi) natural leaching & runoff agri soils

greenhouses, runoff farmyard, direct spills runoff nature soils

WWTP's Industry

deposition open water other diffuse sources
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LRT allocated to Waterboards (ton)
LRT allocated to abroad (ton)

LRT allocated to agriculture (ton)Total LRT N (ton)

Load Reduction 
Targets N

• Total LRT

• Allocated to agriculture

• Allocated to water boards

• Allocated to abroad
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Nitrogen (mgN/l) in transboundary rivers, streams, canals 2014-2017

measures concentration at the border WFD-target Dutch SWB

|------------------ Germany -----------------|------------------------- Flanders (Belgium)----------------------|

➢ Actual agricultural & fertilizer policy: phase out 
derogation, 20% less fertilizer use in nutrient 
polluted areas, buffer strips, catch crops

Loads 2027 baseline scenario

➢ Measures for WWTP’s (3rd RBMP)

➢ Water quality from Belgium and Germany will 
meet the Dutch WFD-targets at the border

Expected changes N-loads WWTP’s 2027

Decrease leaching and runoff 2027-2045
brown: agriculture, green: nature
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Remaining LRT 2027 after measures have been taken

Load reduction WWTP catchment 1 

remaining total LRT 15 ton

➢ Remaining LRT waterboard 0

➢ Remaining LRW agriculture 25 

ton (of 15?)

Nutrient loads and WFD-Load Reduction Targets (LRT) reference

5.0 mgN/L

100 ton

3.3 mgN/L

2.5 160 ton

LRT 50% = 50 ton 2.5
● Agriculture 25 ton

● Waterboard (wwtp) 25 ton LRT 25% = 40 ton

● Agriculture 25 ton

● Waterboard (wwtp) 15 ton

0

50 0 50

30 30

WWTP

Catchment 1

WFD-target      mgN/L

Agriculture

Agriculture

Catchment 2

WFD-target       mgN/L

Nature

Nature WWTP

Loads after measures and remaning LRT to meet WFD-target 2027

3.75 mgN/L

75 ton

2.8 mgN/L

2.5 135 ton

remaining LRT 25.0 ton 2.5

● Agriculture 25.0 ton

● Waterboard (wwtp)0 ton remaining LRT 15.0 ton

● Agriculture 25 ton

● Waterboard (wwtp)-10 ton

30 30 0

50 0 25

WWTP

Catchment 1

WFD-target        mgN/L

Agriculture

Agriculture

Catchment 2

WFD-target       mgN/L

Nature

Nature WWTP

LRT reference 

situation
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Remaining LRT
• Total

• agriculture

• water boards

Conclusions:

Large improvement water 
quality

LRT will disappear in many 
SWB, but not everywhere,  
especially not where very high 
exceedances are measured in 
the reference period

Transboundary LRT important 
in the Dutch Delta

Remaning LRT  N baseline 2027, 
expressed in mgN/l

Remaining LRT N Agriculture 
2027, expressed in mgN/l

Restopgave N Buitenland 
scenario 1, uitgedrukt in mg/l
Remaining LRT N Waterboards 
2027, expressed in mgN/l

Exceedance WFD-target  
N (mgN/l) reference



Policy considerations Load Reduction Targets N & P

➢ Transparent insight balances, effects upstream-downstream useful for policy makers. 

➢ LRT is directly related to exceedances of individual SWB, what about uncertainties modelling? 

(140 SWB → 140 catchments → 140 nutrient balances with 10 different sources. SWB with 

very high measured exceedances are not so well reflected in the model. Storm events can 

dominate loads

➢ No guidelines to decide about reference period: 2000-2009, 2017-2022, summer, whole year? 

➢ Do we have good knowledge of natural parts of the loads (especially w.r.t. agriculture soils)

➢ Upstream-downstream: retention point sources differ from diffuse, WFD-targets can also 

differ. No LRT upstream, but the loads can cause problems in the downstream SWB or sea

➢ What if total LRT disappears with a policy scenario, but allocated sector LRT not?

➢ Cost-effectiveness not taken into account, is a whole other approach



Nutrient LRT approach to reach WFD-targets

Research funded by: H2020 project New Harmonica, Regional waterboards and provinces, National ministries LNV & I&W

Research team: Peter Schipper, Erwin van Boekel, Piet Groenendijk, Yanjiao Mi-Gegotek, Hans Kros, Jan-Cees Voogd, 

Mattijs Hehenkamp, Leo Renaud
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Remaining LRT after measures have been taken

Measures catchment 1 exactly 

result in LRT 

remaining LRT in catchment 2 

= zero (negative) 

Nutrient loads and WFD-Load Reduction Targets (LRT) reference

5.0 mgN/L

100 ton

3.3 mgN/L

2.5 160 ton

LRT 50% = 50 ton 2.5
● Agriculture 25 ton

● Waterboard (wwtp) 25 ton LRT 25% = 40 ton

● Agriculture 25 ton

● Waterboard (wwtp) 15 ton

0

50 0 50

30 30

WWTP

Catchment 1

WFD-target      mgN/L

Agriculture

Agriculture

Catchment 2

WFD-target       mgN/L

Nature

Nature WWTP

Loads after measures and remaning LRT to meet WFD-target 2027

2.50 mgN/L

50 ton

2.3 mgN/L

2.5 110 ton

remaining LRT 0 ton 2.5

● Agriculture 0 ton

● Waterboard (wwtp)0 ton remaining LRT -10 ton

● Agriculture 0 ton

● Waterboard (wwtp)0 ton

30 30 0

25 0 25

WWTP

Catchment 1

WFD-target        mgN/L

Agriculture

Agriculture

Catchment 2

WFD-target       mgN/L

Nature

Nature WWTP
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Discharge and loads, comparison modelling results with measurements
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